Introduction {#sec1-1}
============

Among the common problems of endodontically treated teeth is the discoloration induced by endodontic materials, which influences the esthetical outcome of the treatment.\[[@ref1]\] Tooth color is the contrast of light of dentine and the reflecting features of enamel; thus, any change in the composition of enamel, dentine, or coronal pulp can alter the reflected light, and consequently the tooth color.\[[@ref2]\]

According to the investigations, most of endodontic materials such as sealers, intracanal medicaments, and Portland cement-based materials can cause tooth discoloration.\[[@ref3]-[@ref6]\] Several studies concerning the tooth discoloration associated with root canal irrigants proved the discolouring effect of NaOCl, especially in combination with materials such as MTAD and chlorhexidine (CHX). Evidence showed that CHX, as an irrigant, in combination with citric acid, ethylenediaminetetraacetic acid (EDTA) and NaOCl could change the color of enamel and dentine.\[[@ref7]-[@ref18]\]

Nanosilver is used in various fields of dentistry including endodontics, prosthodontics, implant and operative dentistry.\[[@ref19]-[@ref24]\] Advancements in science and technology resulted in introduction of nanosilver as antifungal and antimicrobial agent.\[[@ref25]-[@ref27]\] The antimicrobial properties of nanosilver is comparable to NaOCl 5.25%; thus, it may be used as an intracanal irrigant.\[[@ref28]\] Sofi *et al*.\[[@ref29]\] approved the bactericidal ability of nanosilver on a wide spectrum of organisms. They reported that nanosilver significantly reduced the attachment of Enterococcus faecalis to nano-particulate dentine.

According to Abbaszadegan *et al*.,\[[@ref30]\] surface charge of the silver nanoparticles significantly affected the bactericidal activity. The positively charged nanoparticles showed the highest level of effectiveness against the organisms tested in their study.\[[@ref30]\] In another study, Abbaszadegan *et al*.,\[[@ref31]\] it was shown that silver nanoparticle, positively charged with imidazolium, was more effective against *E.faecalis* in lower concentrations, compared with NaOCl, CHX, and nanosilver.

Positively charging the silver nanoparticle with imidazolium might promote it to a suitable antibacterial choice as a promising root canal disinfectant in root canal therapy. We found no study about the effect of nanosilver as an irrigant on tooth discoloration; thus, the present study was conducted to evaluate tooth discoloration with silver nanoparticle coated with imidazolium as an irrigant in comparison with 5.25% NaOCl and 2% CHX.

Materials and Method {#sec1-2}
====================

This experimental study adopted a closed system previously described by Felman *et al*.\[[@ref32]\] The samples were 65 human single-rooted permanent maxillary anterior and mandibular premolar teeth, which were extracted due to periodontal disease or as part of orthodontic treatment plans. The teeth were fully formed and inspected to ensure absence of cracks, fractures, caries, and coronal restoration.

To disinfect the teeth, they were immersed in 5.25% NaOCl solution for 1 hour, and then stored in normal saline solution until used. The samples were cleansed with an ultrasonic scaler (Supprasson; Satelec, France), and polished with pumice and water to remove the extrinsic debris and stains. The root ends were resected to obtain standard specimens with 15-mm root length. The toot canals were prepared from the apical side to the most coronal part of the pulp chamber. Canal enlargement was initially performed with Protaper rotary files (Dentsply; Maillefer, Switzerland) in F1, F2, and F3 sequence, followed by \#1-6 Gates Glidden drills (MANI, Tochigi-Ken, Japan). Between each instruments, the canals were irrigated with 2-mL 5.25% NaOCl solution (Cerkamed; Poland) by using a 27-G needle.

In order to remove any remaining pulp tissue at the end of root canal preparation, the root canals were irrigated with 10 mL 2.5% NaOCl by using an ultrasonic device (SUPPRASSON, Satelec, France) with \#30 stainless steel file tip. To remove the smear layer, the canals were irrigated with 17% EDTA (Cerkamed; Poland) for 1 minute. The canals were finally irrigated with 10 mL of normal saline.

Blood collection {#sec2-2}
----------------

The fresh blood was collected from a healthy consenting volunteer by a trained member of medical staff. The blood collection tubes were sterile and coated with K2EDTA as an anticoagulant agent to prevent clotting during the experiment.

Experimental setup {#sec2-3}
------------------

The teeth were randomly allocated to three experimental (n=15) groups of 2% CHX, 5.25% NaOCl, and silver nanoparticle coated with Imidazolium. Two control groups (n=10) were considered consisting of blood as positive control and saline as negative control group. Then, 5 ml of the experimental materials was applied as irrigant for 30 minutes in each sample root canal, and was refreshed during this time. The canals were finally irrigated with 5 mL of normal saline. The samples were stored in airtight boxes with 100% humidity in an incubator at 37°C during the experiment.

Tooth color assessment {#sec2-4}
----------------------

The tooth color was evaluated with a spectrophotometer (Spectroshade MHT S.p.A.; Verona, Italy) and the basic tooth color (L~0~,a~0~,b~0~) was determined right after canal preparation. Color changes were evaluated four times as right after material placement (T1), and 1 week (T2), 1 month (T3), and 3 months after material placement (T4). A mounting system was developed to allow reproducible tooth positioning. The measurements were done in a room with same light at different times. A single operator performed the color measurements in a region 3 mm above the buccal cementoenamel junction. The measurements were repeated three times for each sample and the mean values were calculated. Data were reported by using the Commission International de I'Eclairage's (CIE) L\*a\*b\* color system. The color change between two measurements was calculated through the following formula:

∆E\* = \[(L~1~−L~0~\*)+(a~1~−a~0~\*)+(b~1~−b~0~\*)²\] ½

Where L\* values represent lightness, ranging from black (0) to white (100), a\* and b\* represent greenness/redness and blueness/yellowness, respectively. The proposed limit for color matching adopted in this study was set at 3.7 ∆E\* units (perceptibility threshold). Differences beyond this limit were considered as clinically perceptible.\[[@ref33]\]

Statistical analysis {#sec2-5}
--------------------

Multi-sample repeated measures ANOVA was used to assess the effects of material type over time. Furthermore, pairwise comparisons between groups and within group were done by using Tukey's HSD and Sidak tests, respectively. The level of statistical significance was set at 0.05.

Results {#sec1-3}
=======

Changes in tooth discoloration during the study time in all groups are illustrated in [Figure 1](#JDS-19-280-g001.tif){ref-type="fig"}. [Table 1](#T1){ref-type="table"} represents the mean and standard deviation (mean±SD) of color change (∆E) in all groups during the study time.
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###### 

The mean and standard deviation of color change (∆E) in all groups

  Time            ∆E1           ∆E2            ∆E3           ∆E4            N
  --------------- ------------- -------------- ------------- -------------- ----
  CHX             6.62 ± 3.44   4.57 ± 2.57    4.79 ± 1.81   5.18 ± 2.72    15
  NaOCl           4.00 ± 1.63   4.71 ± 2.2     4.20 ± 1.17   4.81 ± 2.38    15
  Nanosilver      7.77 ± 2.33   8.10 ± 3.04    11.9 ± 3.19   12.98 ± 5.81   15
  Blood           8.68 ± 3.6    11.46 ± 6.44   11.94 ±5.81   11.19 ± 4.28   10
  Normal Saline   1.98 ± 0.76   2.14 ± 0.82    2.10 ± 0.19   1.81 ± 0.56    10

In T1 (∆E between the base color and that measure right after substance application), no significant difference was observed in ∆E value between the silver nanoparticle, blood and CHX (*p*\> 0.05). However, ∆E values in these three groups were significantly higher than that in NaOCl and normal saline groups. No significant difference was detected between the NaOCl and normal saline in T1 (*p*\< 0.05). The results in T2, T3, and T4 were the same indicating that blood and silver nanoparticle had significantly higher ∆E value compared with NaOCl, CHX, and normal saline (*p*\< 0.05). There was no significant difference between NaOCl, CHX, and normal saline in ∆E values (*p*\> 0.05). Nor was any significant difference noted between the silver nanoparticle and blood in ∆E value (*p*\> 0.05).

Discussion {#sec1-4}
==========

Irrigation is one of the most important phases during endodontic therapy; thus, when choosing a suitable irrigating solution, one should consider the antimicrobial activity,\[[@ref34]-[@ref36]\] its biocompatibility with tissues,\[[@ref37]\] and the changes that these irrigating solutions can make to the tooth surface.\[[@ref38]\] Silver nanoparticle coated with imidazolium has been suggested as an intra-canal irrigant. However, some studies showed that the silver-based materials such as silver-containing sealers (e.g. AH26 and Kerr pulp canal sealer) could make grey to black tooth discoloration.\[[@ref3],[@ref39]-[@ref40]\] The present study aimed to analyse the color changes in enamel and dentine produced by silver nanoparticle coated with imidazolium as an irrigant in comparison with NaOCl, CHX, blood (as positive control group), and normal saline (as negative control group).

Spectrophotometry is more reliable than the subjective (visual) assessment of the tooth color changes.\[[@ref33],[@ref41]-[@ref42]\] Spectrophotometers are quite accurate devices, which can even show minute color changes that are not clinically observable.\[[@ref33]-[@ref34]\] Hence, it was decided to use spectrophotometric analysis in the present study for assessing tooth discoloration and determining the CIE L\*A\*B\* variables and delta E (ΔE).

Several studies about tooth discoloration considered the blood as positive control, which means that blood can undoubtedly change the clinical color of tooth.\[[@ref1],[@ref4],[@ref32]\] The present findings revealed that the nano silver irrigant adversely affected the tooth color; this discoloration was comparable to blood, which was considered as positive control group. Hernández-Sierra *et al*.\[[@ref44]\] evaluated the tooth discoloration with silver nanoparticle per se and in combination with the bio-adhesive Gantrez S-97 as a tooth paste and found that silver nanoparticle could not change the tooth color. They used enamel blocks for evaluating the tooth discoloration and applied the substances paste on their samples with brush, whereas in the present study, liquid silver nanoparticles were applied in root canal for 30 minutes. The present findings are in contrast with Hernández-Sierra *et al*.'s study.\[[@ref44]\] The penetration of silver nanoparticle as an irrigant into the permeable dentine is not comparable with its applying on enamel, which is an impermeable structure.

NaOCl with tissue dissolving ability was initially introduced as a bleaching agent.\[[@ref45]-[@ref46]\] Souza *et al*.\[[@ref47]\] investigated the color changes of CHX and NaOCl on bovine dentinal blocks by dipping method. They did not detect any changes in the color of the tooth in comparison with normal saline as a negative control group. They also found that combination of NaOCl and CHX caused tooth discoloration, especially if CHX was used before NaOCl. These are in line with the present findings; although, we did not investigated the simultaneous use of NaOCl and CHX.

In another study, Koursoumis *et al*.\[[@ref48]\] reported that NaOCl and CHX did not affect the tooth color. Measuring the L, a, b before and after the access cavity revealed the access cavity as a major influential factor in color change. The current study eliminated this contributing factor through retrograde application of the irrigants. According to the above-mentioned study, CHX could not change the tooth color over time. These finding are similar to what was found in the present study, except for the color at T1. It implies that compared with normal saline, CHX would not cause discoloration over time.

Several studies reported extrinsic tooth discoloration caused by CHX, which was related to factors such as presence of dental pellicle, proteins, and carbohydrate covering the tooth structures.\[[@ref49]-[@ref50]\] Inability to remove these agents and CHX from the tooth surfaces can result in tooth discoloration. Therefore, eliminating these factors can help reduce the discoloration ability of substances. The different findings about CHX at the initial measurements and thereafter might be due to incomplete removal of CHX after canal preparation. On the other hand, binding of CHX to dentin might reduce the discoloration ability of CHX in the long-term.

One the limitations of this *in-vitro* study was that the root canals were not prepared through the access cavity and some remnants of pulp tissue may remain in the pulp chamber especially in pulp area during the cleaning process of the canals that may contribute to tooth discoloration. Moreover, the role of filling materials was not investigated in tooth discoloration.

Conclusion {#sec1-5}
==========

According to finding of this study, use of silver nanoparticle coated with imidazolium as an irrigant in root canal therapy can cause tooth discoloration the same as blood does. However, it cannot still be suggested as an intra-canal irrigant regarding its unfavourable tooth discoloration, and further investigations are required.
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